Department of Atomic Energy: A Proud Symbol of AatmaNirbhar Bharat by Vyas, K.N. & Ramanamurthi, M.
August 2021  |  Science Reporter  |  45
AS the country approaches the 75th Anniversary of her independence, it is indeed 
an occasion to celebrate and rejoice 
in her growth, progress, triumphs 
and achievements. Much has been 
accomplished in this long march after 
her rebirth, rising from the ashes of a 
fledgling and impoverished nation to 
become one of the largest economies of 
the world. 
This task of nation-building has 
been a multi-pronged effort, facilitated 
by a sustained pursuit of growth across 
agricultural, infrastructural, energy, 
industrial, health and educational 
sectors amongst many others. The green 
revolution has made the nation self-
sufficient in food grain production and 
visionary infrastructural developments 
have made it an industrial powerhouse. 
The nation today generates surplus 
electricity and a vast network of 
educational institutions have created a 
large pool of trained and expert human 
resources in science, technology, 
arts, social sciences, management, 
humanities and many other domains. 
Science and technology have 
played a pivotal role behind every facet 
of the growth and transformation of the 
nation over the last 75 years. Realising 
that the socio-economic progress of the 
nation hinges upon a robust science 
and technology infrastructure, a large 
spectrum of science and technology 
institutes and centres, including the 
Department of Atomic Energy (DAE), 
were set up across the country covering 
a gamut of domains requiring rapid 
progress, in order to propel the nation 
forward on a path of growth and 
development. 
The Birth of DAE
Atomic Energy Commission was 
constituted in 1948 soon after 
independance and the Department of 
Atomic Energy was established in 1954.
The mission statement of DAE is “To 
harness the power of the atom towards 
enhancing energy security, health 
security, food security and national 
security and to carry out developments 
and innovations in the use of Nuclear 
and Radiation Technology leading to 
economic and social benefits to the 
nation and a better quality of life to its 
citizens”. 
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aspects of our diverse contributions 
shall be touched upon in this article to 
provide glimpses of our vast range of 
activities and achievements. 
Reactor Technology
Electricity is one of the foremost 
requirements to run the engine of growth. 
In the early days of the nuclear energy 
journey, many nations understood the 
importance of this powerful source of 
energy and embarked on nuclear energy 
programmes on a massive scale. India 
too decided to include nuclear energy 
in the energy basket of the nation to 
augment electricity production in the 
country. 
The journey to master the 
technology began in right earnest with 
the setting up of the first research 
reactor in India and Asia – the Apsara 
“As of today, it is estimated 
that the use of nuclear energy 
avoids carbon emissions 
roughly equivalent to 
removing one-third of all cars 
from the world’s roads.”
reactor at Trombay in 1956. Built in 
a short span of one year, this reactor 
gave the confidence, set the tone and 
provided the thrust for sustained 
growth of the Indian nuclear sector 
thereafter. A second research reactor 
CIRUS was built in 1960 and two 
power reactors were commissioned at 
Tarapur soon after. Two more research 
reactors Dhruva and Apsara-U as well 
as 22 power reactors have since been 
constructed, commissioned and being 
operated by DAE. Six power reactors 
are under construction and several 
more are in the pipeline. 
Radioisotopes produced in 
research reactors Dhruva and Apsara 
(U) are the key requirements in almost 
all applications of radiation technology 
– healthcare, agriculture and food 
preservation. Dhruva is the workhorse 
for the production of radioisotopes in 
the country. In addition to radioisotope 
production, material irradiation 
and neutron radiography facilities 
in the research reactors support the 
power programme towards material 
characterisation and diagnostics. 
It is important to mention that 
nuclear power plants produce no 
greenhouse gas emissions during 
operation, and over the course of their 
life-cycle, they produce only 33% of the 
emissions per unit of electricity when 
compared with solar and 4% when 
compared to thermal power plants. As 
of today, it is estimated that the use of 
nuclear energy avoids carbon emissions 
roughly equivalent to removing one-
third of all cars from the world’s roads. 
Right since its inception, the 
visionary founder Dr Homi Jehangir 
Bhabha had the foresight to realise that 
the nation would need to be self-reliant 
in this sphere in order to gain complete 
mastery over the technology and forge 
an independent path. However, the 
foundations for science and technology 
R&D were poorly developed in the 
country at that stage. DAE, therefore, 
embarked on R&D programmes in 
numerous disciplines to support its 
programmes and has today emerged 
into a distinctive organisation, not only 
as a hub for R&D in all aspects of the 
nuclear fuel cycle but also for carrying 
out pioneering cutting-edge research 
work in associated areas of relevance. 
Over the decades, this blend of 
activities and disciplines has led to the 
creation of several world-class institutes 
and units of DAE, comprising a vast 
network of 30 research centres, public 
sector units, aided institutes and service 
organisations around the country, having 
footprints spanning across multiple 
sectors such as energy, healthcare, 
agriculture, food preservation, drinking 
water, environment, etc. A few salient 
Panoramic view of research reactors CIRUS and DHRUVA
Kakrapar Atomic Power Station – Site view
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Healthcare
There is minimal awareness of the 
enormous contributions being made 
by DAE in the healthcare sector of 
the country. Nuclear Medicine is a 
branch of medicine requiring the use 
of specialised pharmaceuticals known 
as radiopharmaceuticals, which are 
drugs tagged with radioactive elements 
and used for diagnostic as well as 
therapeutic purposes. Millions of 
procedures are being carried out every 
year using radiopharmaceuticals. 
The diagnostic procedures 
produce functional imaging of the 
organ after the radiopharmaceutical is 
administered. This is akin to an online 
live image of the functioning organ 
such as heart, brain, kidneys, liver, 
etc., enabling precise pinpointing 
of the malfunctioning segment of an 
organ, aiding in accurate diagnosis 
and therapy. Nuclear medicine 
procedures can diagnose abnormalities 
in the early stages of diseases such as 
cancer, neurological disorders and 
heart ailments, facilitating timely 
commencement of treatment. Just as 
novel drugs for better outcomes are 
being continuously developed by the 
pharma industry, DAE is involved in 
“The cost for eye and liver 
cancer treatment in the 
country is expected to be 
considerably lowered with the 
availability of these new-age 
procedures at an affordable 
cost.”
Sl. No. Product Name Application
1.
99mTc-Hynic-TOC/HYNIC-
TATE Neuroendocrine tumour imaging
2. 99mTc-HSA-Nanocolloid Detection of sentinel nodes in breast and other cancers





5. 18F-FDG Cancer diagnosis
6. Na18F Bone imaging
7. 18F-FLT Tumour proliferation marker
8.
68Ga-DOTA-TOC/DOTA-
TATE/DOTA-NOC Neuroendocrine tumor imaging
9. 68Ga-PSMA-11 Prostate cancer imaging
10. 64CuCl2




Lipiodol Liver cancer therapy
12.
188Re-HEDP/177Lu-
EDTMP/177Lu-DOTMP Bone pain palliation




15. 177Lu-PSMA-617 Prostate cancer therapy
the development of novel organ and 
disease-specific radiopharmaceuticals 
for improved outcomes. DAE 
formulates radiopharmaceuticals, 
coordinates clinical trials, creates 
harmonised protocols and provides 
imaging services at its centres. 
Cancer therapy is an important 
wing of DAE operations. Tata Memorial 
Centre  (TMC) under the aegis of DAE 
is a pioneer in cancer research and 
treatment in the country. Radiation 
therapy, as well as radiopharmaceutical 
formulations, are extensively used at 
these and other cancer centres of DAE 
and more than 5 lakh patients receive 
treatment every year. 
Radiation therapy is carried out 
with external beams of radiation –
usually from a 60Co source as well as by 
placing sealed radiation sources close 
to the tumour sites to facilitate higher 
radiation dose deliveries. This type of 
internal beam radiotherapy is known 
as Brachytherapy (Brachy in Greek 
means ‘short distance’). Therapeutic 
radiopharmaceuticals are designed 
to deliver doses of ionising radiation 
to specific disease sites and are used 
extensively in treatments of thyroid and 
neuroendocrine tumours as well as for 
bone pain palliation. The radiochemical 
Table 1: Recently developed Radiochemicals/
Radiopharmaceuticals/Freeze-dried kits
APSARA (U) during the stage of final com-
missioning
Eye Plaque developed for the treatment of 
eye cancer
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“All diagnostic and treatment 
procedures at DAE centres are 
provided at a fraction of the 
cost incurred at privately run 
establishments, making them 
affordable to a large section of 
the society.”
moiety makes the drug molecule more 
potent and helps in reducing the 
cycles of cancer treatment required 
to be administered, alleviating patient 
distress. 
The development of Ruthenium-106 
plaques for the treatment of eye 
cancer and Yttrium-labelled glass 
microspheres (named BhabhaSphere) 
for the treatment of liver cancer are two 
recent noteworthy developments. The 
production of Ru-106 eye plaques and 
Yttrium labelled glass microspheres 
require specialised skills and expertise 
making them expensive in the 
international market. These are low-
cost import substitutes, costing about 
one-tenth of the equivalent imported 
products. Their use has been cleared 
by the regulatory authority and several 
patients have received treatment at 
TMH with excellent outcomes. The cost 
for eye and liver cancer treatment in the 
country is expected to be considerably 
lowered with the availability of these 
new-age procedures at an affordable 
cost. 
The recent commissioning of 
India’s largest medical cyclotron 
facility in Kolkata, Cyclone-30 has 
enhanced the capability of DAE to 
produce cyclotron-based radioisotopes 
for healthcare applications. Production 
and regular supply of 18F-FDG (PET 
detection of cancers) have been initiated 
from Cyclone-30 to cater to the need 
of this extremely important short-lived 
radiopharmaceutical in the eastern 
region of our country. Gallium-68 is 
being produced in the country for the 
first time using this medical cyclotron. 
Gallium-based radiochemicals such 
as 68GaCl3 (PET radionuclide used for 
imaging of neuroendocrine cancers, 
prostate cancer, etc.) and 201TlCl 
(myocardial perfusion imaging agent) 
for clinical utilisation are in the process 
of obtaining regulatory clearance. 
Equipment for robotic surgeries, 
DNA microanalysis, early-stage cancer 
detection equipment, teletherapy 
machines, a blood irradiator using Cs-
137, and a radioisotope extracted from 
nuclear waste have also emerged from 
the R&D efforts at DAE centres. 
All diagnostic and treatment 
procedures at DAE centres are provided 
at a fraction of the cost incurred at 
privately run establishments, making 
them affordable to a large section of the 
society.
Nuclear Agriculture
Biological systems continuously 
undergo mutations on a very slow 
time scale, governed by environmental 
conditions or on exposure to extraneous 
influences. However, direct exposure 
to ionising radiations such as gamma 
rays from a radioisotope can induce 
accelerated mutations. 
The Bhabha Atomic Research 
Centre (BARC) has an extensive 
programme on creating induced 
mutations in various crops, a technique 
known as mutation breeding. The method 
involves exposing seeds to controlled 
dose of gamma radiation, leading to 
favourable as well as unfavourable 
mutations in them. Seeds with desirable 
traits are selected and multiplied. 
Extensive field trials are carried out 
in collaboration with state agricultural 
universities like Indira Gandhi Krishi 
Vishwavidyalaya (IGKV), Raipur, Dr 
Panjabrao Deshmukh Krishi Vidyapeeth 
(DPDKV), Akola and many others. 
The seeds are eventually released 
for cultivation by the State Variety 
Release Committee and notified by 
the Central Crop Variety Release and 
Notification Committee, Ministry 
of Agriculture & Farmers’ Welfare, 
Government of India. Forty-nine 
Trombay crop varieties including 
groundnut, rice, mustard, mung 
bean, and cowpea with improved 
characteristics like higher yield, early 
maturity, improved disease resistance, 
drought tolerance, etc., have been 
S.No. Crop No. of Varieties Released
1.      Groundnut 15
2.      Soybean 2
3.      Mustard 4
4.      Sunflower 1
5.      Linseed 1
6.      Mungbean 8
7.      Urdbean 5
8.      Pigeon pea 5
9.      Cowpea 2
10.      Paddy 5
11.      Jute 1
     Total 49
Cobalt Teletherapy machine – Bhabhatron
Table 2: Trombay varieties released & notified
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developed using the radiation-induced 
mutation breeding techniques and are 
cultivated extensively in the country. 
In recognition of their exceptional 
contributions to mutation breeding 
programmes, the mutation breeding 
team of BARC has been conferred the 
‘Outstanding Achievement Award’ by 
IAEA in 2021.
Food Preservation
Pest infestation, contamination and 
mould infestation are major problems 
faced by the agricultural sector, leading 
to substantial losses to the extent of 
20-30% of the produce. Prevention of 
post-harvest spoilage is, therefore, a 
national imperative. 
Food preservation is conventionally 
carried out using chemical additives 
such as sorbates, benzoates, parabens, 
sulphites, nitrites, nitrates, etc. 
Radiation processing provides a 
healthy and eco-friendly solution to 
this problem as it eliminates the use 
of chemicals in food preservation. The 
method involves exposure of food and 
agricultural commodities to measured 
doses of gamma radiation. This process 
results in favourable outcomes such as 
disinfestation of pests, delayed ripening, 
inhibition of sprouting and elimination 
of pathogens and microorganisms 
causing spoilage. Radiation processing 
is the only method of killing pathogens 
in raw and frozen food. 
The radiation beam produces its 
effect by merely depositing its energy 
and does not lead to any radioactivity 
being generated in the target material. 
Radiation processing of food is a method 
approved by various organisations 
such as IAEA, WHO, FAO and 
FSSAI. DAE has developed irradiation 
technology for the preservation of fruits, 
vegetables, pulses, spices, seafood, etc. 
by radiation processing and transferred 
the technology to private entrepreneurs. 
Several such commercially operated 
facilities are available around the 
country. 
India is the second largest fruits 
and vegetables and third largest fish 
producer in the world. However, a 
substantial portion of the produce gets 
wasted due to the spoilage caused by the 
lack of cold chain facilities for storage 
and transport. An important recent 
contribution to the food preservation 
agenda has been the development of 
a liquid nitrogen-based system for 
refrigerated transport of vegetables, 
fruits, seafood, etc. 
Liquid nitrogen is a by-product 
of oxygen generation plants used 
extensively in industrial and medical 
sectors. A large untapped capacity, 
therefore, exists in the country for the 
generation of liquid nitrogen, making it 
relatively inexpensive. The technology 
is also an environmentally friendly 
solution since the use of diesel or CFC 
gases has been completely eliminated. 
These refrigerated vans or reefers 
as they are known, have been named 
SHIVAY (Sheetal Vahak Yantra). A 
significant advantage of SHIVAYs is 
that they possess multimodal logistical 
flexibility, being customisable to suit 
the mode of transport available at the 
sourcing location of the merchandise – 
railways, roadways or waterways.
The systems require minimum 
maintenance due to very few moving 
parts and are therefore rugged enough 
to be deployed even on rough road 
conditions. An incubation agreement 
has been signed with Tata Motors 
“A recent contribution to 
food preservation is the 
development of a liquid 
nitrogen-based system for 
refrigerated transport of 
vegetables, fruits, seafood, 
etc. improving the economics 
and profitability for growers, 
farmers and traders.”
Limited (TML) to jointly develop 
SHIVAYs for vehicular applications. 
This technology, when extensively 
deployed, will substantially reduce 
wastage and not only improve the 
economics and profitability for the 
growers, farmers and traders but 
also benefit the eventual end-users. 
An upgraded version of the system, 
“SHIVAY-V”, has been designed for 
reaching even lower temperatures of up 
to -70°C and can be used for storage 
and transport of vaccines requiring such 
low temperatures. 
In addition to the technologies 
detailed above, several other products 
and applications to serve the agriculture 
and food sector have emerged over the 
years, such as solar dryers, disinfectors, 
soil testing kits and various kinds of 
food processing techniques.
Technologies for Smart Cities
One of the objectives of the smart 
cities mission is to provide clean and 
sustainable environment through the 
application of ‘smart solutions’. DAE 
has developed a bouquet of technologies 
which can be deployed to meet this 
objective.
Liquid nitrogen based Reefer undergoing road trials
View of a bay in food irradiation facility
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Sludge Hygenisation: This is a 
dual-purpose technology for the 
hygenisation of sewage sludge as 
well as for its conversion to organic 
fertiliser. Dried sewage sludge is 
irradiated with gamma rays to eliminate 
pathogens and dormant seeds. The 
irradiated sludge is then enriched with 
micronutrients by inoculation with Bio-
NPK and used as fertiliser. A plant has 
been commissioned by the Ahmedabad 
Municipal Corporation. 
Hybrid Granular Sequencing 
Batch Reactor (HgSBR) for Sewage 
Treatment: Wastewater contains 
fibrous impurities, known as floccular 
mass, making it difficult to purify 
and recirculate. DAE has developed a 
treatment technology for the conversion 
of floccular mass to granular mass 
(contaminants aggregated into larger 
particles) which settle at the bottom of 
the tank. Pure water is decanted and can 
be reused for industrial consumption. 
These plants incur considerably lower 
operational and maintenance costs as 
compared to a conventional sewage 
treatment plant. A 150 KLD plant 
has been recently commissioned at 
Kalpakkam, Tamil Nadu. A large 1500 
KLD plant at Kalpakkam and a 40 KLD 
plant at RVNL, New Delhi, are under 
construction. 
Nisargruna: Nisargruna (repaying 
our debt to nature) is an organic 
waste management technology for the 
treatment of biodegradable waste such 
as food waste, municipal waste, abattoir 
waste, dung, etc. Pathogen and weed 
free carbon-rich manure and biogas 
are useful by-products. The technology 
has a modular design and is, therefore, 
scalable from 10-100 kg/day, making 
it amenable for installations in small as 
well as large establishments generating 
such waste. Biogas equivalent to 2 LPG 
cylinders can be generated from each 
metric tonne of waste.
Plasma Pyrolysis: Graphite-based 
plasma pyrolysis system has been 
developed for the thermal disintegration 
of organic mass into hydrogen, CO2 
and lower hydrocarbons. Almost 99% 
of organic mass gets converted into 
combustible and toxic molecules are 
completely eliminated. Plasma pyrolysis 
is approved under the Gazette of India 
for safe disposal of Bio-Medical Waste.
Water Purification: DAE has 
developed low-cost water purification 
systems using membrane filters for 
ultrafiltration of impurities. These 
systems require no electricity and call 
for minimum maintenance, thereby 
making them rugged and versatile. 
Technology has been transferred to 
several entrepreneurs and the systems 
are commercially available and in wide 
use. 
Water Desalination: A technology for 
the desalination of seawater has been 
developed using nuclear waste heat. 
Two such plants have been set up at 
Kalpakkam and are supplying potable 
water to the nearby township. The 
freshwater resources of the country are 
rapidly depleting due to overuse and 
seawater desalination technologies will 
be required to be increasingly deployed 
in the future. This technology provides 
a cost-effective and viable solution and 
can be considered as a technology for 
the future.
Looking Ahead
The motto of DAE is ‘Atoms in 
the Service of the Nation’ and the 
organisation has lived up to this mandate 
by delivering numerous pioneering 
and one-of-its-kind technologies to the 
nation. Work on serving and building 
upon this mandate continues unabated, 
by way of enhancing capacities and 
developing innovative technologies for 
the nuclear sector as well as for societal 
benefits. 
Increasing radioisotopes production 
is essential towards the expansion of 
several societal applications and the 
department is actively working towards 
augmenting this capacity by building 
reactors in the PPP mode
Eight cancer hospitals have been 
brought into the DAE fold and several 
new ones are under construction. 
A National Cancer Grid has been 
established to link major cancer 
centres, research institutes, patient 
groups and charitable institutions 
across India for establishing uniform 
norms for prevention, diagnosis 
and treatment of cancer, providing 
specialised training and education in 
oncology and facilitating collaborative 
research on cancer. This is expected 
to lead to a sharing of the knowledge 
and harmonisation of diagnosis and 
treatment protocols across the country. 
DAE has thrived over the decades 
by building an R&D ecosystem 
facilitating a continuous update of its 
knowledge base. The Homi Bhabha 
National Institute (HBNI), a ‘Deemed 
to be University’, was established 
under its aegis in 2005 to provide a 
platform for further strengthening 
the R&D infrastructure. HBNI is an 
umbrella institute of 11 DAE units 
and constituent institutions primarily 
focussing on educational, research and 
developmental activities in the sphere 
of nuclear sciences and engineering and 
cutting-edge basic and applied research. 
Within a span of 16 years, HBNI has 
established itself as a high-quality 
research institute accredited by NAAC 
and its research activities have yielded 
rich dividends towards enhancing our 
capabilities in several domains. 
DAE has attained the stature of a 
premier institution in the country by the 
dint of hard work supported by a strong 
organisational culture, state-of-the-art 
infrastructure, motivated workforce 
and pathways to excellence forged over 
six decades of its existence and will 
continue to deliver yeoman service to 
the nation in the future.
Biomethanation plant Nisargruna
